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[57] ABSTRACT

A device for absorption of selected radiation wave-
lengths, such as solar radiation, for producing heat en-
ergy, consists essentially of a single film or layer of a
mixture of metal particles and a dielectric material
which are coated on a supporting substrate of either
metal or glass. The metal and dielectric concentration
varies in a gradual transition from a major portion, up to
100%, of metal at one boundary surface to a major
portion, up to 100%, of dielectric at the opposite bound-
ary surface. There are no interior boundaries in the film;
the film composition is Inhomogeneous between the
boundary surfaces and substantially homogeneous in

planes generally parallel to the boundary surfaces. Di-
electric materials and metals are disclosed in combina-

tions adapted for solar radiation absorption over a
broad band of wavelengths, on the order of from 0.35 to
1.5 micrometers, while reflecting the longer wave-
lengths, and adapted to provide good mechanical and
radiation stability at high temperatures, up to tempera-
tures on the order of 450° C, in air or in a vacuum. Heat
building up in the film as radiation is absorbed is with-
drawn for use or storage by heat transfer means such as
a heat transfer fluid flowing through a conduit in ther-
mal contact with the film or with the substrate on which
the film is deposited.

8 Claims, 2 Drawing Figures
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SELECTIVE RADIATION ABSORPTION DEVICES
FOR PRODUCING HEAT ENERGY

BACKGROUND OF THE INVENTION

This is a continuation-in-part of corresponding U.S.
patent application Ser. No. 528,309, filed Nov. 29, 1974
now abandoned. |

The present invention is a device for selectively ab-
sorbing radiation for producing heat. In particular, the
Invention is a selective absorber for absorbing of a
broad band of radiation, or a selected band of radiation
such as solar radiation, which is thereby converted to
heat energy. The device is particularly adapted to pro-
vide good mechanical and radiation stability under rug-
ged conditions, in air or a vacuum as in a space vehicle
in which the environment may reach temperatures up to
450° C. |

Known selective absorbers that have been used for
absorbing solar radiation, for solar furnaces or solar
energy “farms” for example, fall into three general
types, solid state type devices, microporous surface
devices and multilayer interference devices.

The solid state type consists of a dielectric or semi-
conductor film, such as a germanium or silicon film,
over a highly reflective metal surface, such as gold or
silver. The dielectric or semiconductor is absorbing at
invisible wavelengths, but transmits infrared radiation
out to wavelengths at which it is desired to maintain
high reflectivity and low emissivity.

The microporous surface device consists of fine
pores, pits, grooves, lines or checks in the surface of a
low emittance material, such as copper. The dimensions
of the surface roughening is made small compared with
the wavelength of the emitted energy, and thus in-
creases the surface area that is seen by the shorter wave-
lengths, thus enhancing the absorption at these wave-
lengths without significantly increasing the emissivity at
the longer wavelengths.

The third general type, the multilayer interference
type absorber, is perhaps the one of most interest for
solar radiation absorption to date; it consists of super-
posed layers of dielectric and semi-transparent metallic
films on a reflective metal substrate. The wavelength
response of the multilayer devices at visible wave-
lengths is similar to the response of multilayer anti-
reflecting coatings on glass substrates. These devices
are potentially useful for providing high absorption
values at solar radiation wavelengths and controlled
transition between the high absorption and high reflec-
tivity regions. Their attractiveness is somewhat limited,
however, by the difficulty of manufacturing them, par-
ticularly in the devices wherein many layers are used to
provide a useful absorption range and controlled transi-
tion, and additionally they are not particularly suited
for use in rugged environments, or where they must be
relied on for a long service life, as in space, due to the
~ mechanical instability of the layer construction when
subjected to any appreciable stress.

BRIEF DESCRIPTION OF THE INVENTION

A principal object of the present invention is to pro-
vide a selective absorber having a high ratio of absorp-
tion to emissivity over a broad band of wavelengths,
such as wavelengths including the range of wavelengths
in the solar radiation range.

Another object of the invention is to provide a selec-
tive radiation absorber which will maintain its spectral
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properties over a wide range of angles of incidence of
the radiation impinging on its surface.

A further object is to provide such an absorber whose
construction adapts it for maintaining its mechanical
and radiation stability in rugged environments, includ-
ing high temperatures on the order of 450° C In a vac-
uum or in air.

Another object is to provide such a radiation ab.
sorber which is relatively simple and economical to
manufacture in various modifications having specifi-
cally desired spectral and physical characteristics.

The foregoing and further objects are achieved by
the selective radiation absorber of the present invention
which consists essentially of a film or layer formed of
particles of metal in a transparent dielectric materia]
with the relative concentration of the metal particles
and dielectric material in a gradual transition from a
major portion, up to 100%, metal at one boundary, to a
major portion, up to 100% dielectric at the opposite
boundary, there being no intermediate boundaries. The
device is suitably formed by simultaneously depositing
metal and dielectric on a substrate by vapor deposition
or thermal evaporation, for €xample, and by varying the
ratio of metal to dielectric as the composition builds up
on the substrate.

In the context of the present invention as described
herein, “transparent” as applied to the dielectric mate-
rial means that the dielectric materia] is transparent at
least to radiation over the spectral range at which the
device is intended to operate whereas the metal absorbs
and reflects radiation. The dielectric materia] may inci-
dentally be one which has some absorbancy itself, but
this is not necessary, or particularly useful. The only
real limitations on the metals and dielectric materials
which may suitably be used in the invention are possible
practical limitations as to economical techniques for
forming particular metals and dielectric materials into a
film or layer which has the mechanical and/or chemical
stability to stand up to the degree or stress or chemical
action that it will be subjected to in a particular environ-
ment in which the device is intended to be used.

For providing the spectral response desired, the req-
uisites are that the film or layer constituting the device
be substantially reflective at one boundary, by having
the major portion of the composition at that boundary
metal, and by having a gradual transition, without inter-
mediate boundaries, from reflectivity to transmissivity
(transparency) through the thickness of the layer to the
opposite boundary at which radiation enters the device,
there being no intermediate boundary layers.

Heat builds up in the film or layer as radiation is
absorbed and this heat is suitably withdrawn for use or
storage by suitable heat transfer means such as a heat
transfer fluid, eg. water, flowed through a conduit that
1s adjacent the film or layer so as to be substantially in
thermal contact therewith.

In comparison with multi-layer absorption devices,
consisting of alternate layers of transparent dielectric
material and semi-transparent metal films on a reflective
substrate, the device of the present invention is adapted
to provide a wider spectral range of absorption as wel]
as being considerably simpler and more economical to
manufacture. Additionally, since the device of the pres-
ent invention is not an interference device, as in the
multi-layer absorption device its efficiency of operation
over its spectral range of operation is not limited to a
narrow range of angles of incidence of the entering
radiation.
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DESCRIPTION OF THE DRAWINGS

The invention is described in detail below with refer-
ence to the accompanying drawings in which:

FIG. 1 is a cross-sectional view of a radiation selec-
tive absorbing film or layer in accordance with the
invention and showing it mounted on a support sub-
strate; and ,

F1G. 2, 1s a graph showing a plot of reflectivity over
a range of wavelengths for a film or layer of the present
invention and for a usual form of prior art multi-layer
Interference type selective absorber.

DETAILED DESCRIPTION

A selective absorption device embodying the present
invention consists essentially of a film or layer 10 which
1S a mixture of particles 11 of metal and a dielectric
material 12 that is transparent at least to radiation over
the spectral range at which the absorption device is
intended to operate. The film 10 may be mounted on a
support substrate 14 which is of any suitable material
such as glass or metal. |

As heat builds up in the film or layer 10 due to the
absorption of radiation it is continually withdrawn and
carried to another location for use or storage. This may
be accomplished by any suitable heat transfer means
~ such as water or other heat transfer fluid flowing
through a conduit adjacent the film. FIG. 1 illustrates a
heat transfer system consisting of a conduit 20 embed-
ded 1n the substrate 14 for a heat transfer fluid such as
water to flow through as indicated by the arrows 21.

As indicated in FIG. 1 the concentration of metal
particles 11 and dielectric material 12 varies through the
thickness of the film 10 from being a major portion, up
to 100%, metal at one boundary 15 (which is the bottom
boundary in the drawing) to a major portion, up to
100%, dielectric material at the opposite boundary 16.
The transition from the portion of highest metal con-
centration at one boundary (15) to the portion of highest
metal dielectric concentration at the other (boundary
16) is gradual through the thickness of the film 10, and
is suitably provided by controlled deposition of sequen-
tially varying proportions of metal particles and dielec-
tric material on a substrate 14 as the film builds up.
Suitable processes for thus depositing metal particles
and dielectric material include vapor deposition and
thermal evaporation. The method of depositing or
forming the film is, however, not critical to the inven-
tion defined herein.

For suitable operation of the absorption device of this
invention the transition from a major portion of metal at
one boundary to a major portion of dielectric material
at the opposite boundary is gradual and is preferably
such that the slope of the concentration profile through
~the thickness of the film 10 is as uniform as possible
from point to point therealong. In practice, however,
considerable variations in the rate of change of the

relative concentrations of the metals to dielectric at

successive points through the film has a negligible effect
~on the spectral response of the device and can thus
normally be tolerated. It may, however, be found desir-
able (for varying the spectral response within the oper-
ating range of the device, for example) to have the

relative concentrations vary from a substantially linear

rate of change by some predetermined mathematical
function, such as logarithmic.

It will be appreciated from the above that the film 10
has no interior boundaries, so that there are no interior
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interference effects, and that the film 10 is inhomoge-
nous through its thickness between boundaries 15 and
16 while being substantially homogeneous in plane gen-
erally parallel to the boundaries.

The thickness of the film 10 between boundaries 15
and 16 determines its wavelengh range of spectral re-
sponse and its thickness must of course equal at least
one-half the longest wavelength in the band of radiation
it 1s desired to have absorbed.

For the operation of the device it is only necessary
that the boundary opposite the boundary at which radi-
ation is admitted reflect the radiation impinging on it,
and that the transition from the highest concentration of
metal at the reflective boundary to the highest concen-
tration of dielectric material at the opposite (1e. en-

- trance) boundary be gradual, and preferably substan-
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tially uniform. The reflectivity at the one boundary may
be provided by having a 100% concentration of the
metal at that boundary, or by having the concentration
of metal at that boundary somewhat less than 1009 and
having an adjacent surface 17 of the substrate 14 suit-
ably reflective. The substrate 14 or its surface need not
be reflective if complete reflection is provided by the
concentration of metal at the boundary 15 of the film 10.
If the reflective boundary is the boundary surface of the
film itself, any substrate provided would be for support,
and could, therefore, be made of any suitable material.

In an alternative embodiment a substrate of material,
such as glass, whose transparency coincides with the
transparency of the dielectric material has the film 10
coated thereon by first depositing the highest concen-
tration of metal at the last portion to be deposited,
which thus provides the reflective boundary. In this
embodiment the entering radiation enters through the
transparent substrate 14, and passes through the film 10
to the reflective boundary.

As previously mentioned, the particular metal and
dielectric materials are used are not critical, the choice
being determined principally by the mechanical and
chemical stability required, ease of manufacture and
cost of materials. Material suitable for absorbers to be
used, for example, in space in a rugged environment in
air or a vacuum, where it then might be subjected to
severe shock, stress and vibration, and to temperatures
ranging up to 450° C, suitable metals would be, but
would not be limited to, chromium, molybenum, nickel,
tantalum and titanium; suitable dielectric materials
would include, but not be limited to cerous fluoride,
magnesium fluoride, magnesium oxide, neodymium
oxide and yttrium oxide in any combination.

For a solar absorber using a relatively thin film, eg.
on the order of 1 micrometer thick, in order to enhance
as much as possible the effective absorbancy, it is desir-
able to use a metal with strong visible absorption prop-
erties, such as titanium, but these metals generally have
relatively low reflectivities at near infrared wave-
lengths. It is, therefore, desirable to use such a metal for
the metal particles dispersed in the film 10, but to have
a metal, such as gold or aluminum, that has good reflec-
tivity in the infrared range, for the reflecting layer at the
boundary 15. This infrared reflecting layer at the
boundary 15 may be provided by having the film itself
contain a 100% of the metal at the boundary 15, or by
coating the film, on a substrate surface 17 which is
coated with, or otherwise consists of a reflective surface
of an infrared reflecting material.

FIG. 2 1s a graph illustrating the reflectivity at vari-
ous wavelengths from 0.2 to 10 micrometers of a film 10
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of this invention consisting of a mixture of titanium and
magnesium oxide deposited on aluminum substrate in
comparison with the reflectivity over the same wave-
lengths of a prior art multi-layer interference type de-
- vice consisting of alternate layers of aluminum, silicon
monoxide, chromium, and silicon monoxide respec-
tively, forming a four layer device. As seen in FIG. 2 in
the spectral region from 0.4 to 1.1 micrometers there is
only a slight difference in the average reflectivity value,
and hence the average absorbance value for the two
films. It can also be seen that there is very little differ-
ence in the two curves at the longer wavelengths, the
reflectivity values being almost identical at wavelengths
beyond 5.0 micrometers. However, at wavelengths
shorter than about 0.4 microns the reflectivity of the
prior art multi-layer film device increases sharply
whereas the reflectivity of the film 10 stays aApProxi-
mately the same. By increasing the thickness of the film
10, the sharp upturn in the reflectivity curve shown in
FIG. 2 would be moved out to longer wavelength re-
gions, ie. to the right in FIG. 2, whereas the spectral
range of the prior art multi-layer device, which is an
interference device, cannot be so broadened. When the
spectral response of the film 10 is increased at the longer
wavelength end of the range by increasing the film
thickness the short end of the range remains fixed so
that the total range is thereby increased in proportion as
the film is made thicker.
What is claimed is: |

- L A device for producing heat energy by absorption
of selected radiation wavelengths having a maximum
wavelength in the range of from 0.35 to 1.5 micrometers
comprising a single film having boundaries at opposite
sides in its thickness direction but not intermediate
thereof and composed essentially of a mixture of parti-
cles of metal and a transparent dielectric material, the
relative concentrations of metal and dielectric varying
In transition from a major amount of metal at one of said
boundaries to a major amount of dielectric at the oppo-
site boundary, said one boundary being bounded by
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material which is substantially reflective of said selected
radiation wavelengths, the mixture being inhomogene-
ous through the film between said boundaries and sub-

stantially homogeneous at any given distance from one

boundary in the film with the film being a thickness at
least equal to one half the longest wavelength of said
selected wavelengths, and heat transfer means adjacent
said one boundary for carrying heat away from the film.

2. The device of claim 1 in which the transition of
said relative concentrations varies a substantially uni-
form amount from point to point progressively through
the film from said one boundary to the other.

3. The device of claim 1 in which the concentration
of metal and dielectric varies in a transition from sub.-
stantially 100% metal at one of said boundaries to sub-
stantially 100% dielectric at the opposite boundary.

4. The device of claim 1 in which the metal is from
the group consisting of chromium, molybdenium,
nickel, tantalum and titanium and the dielectric material
is from the group consisting of cerous fluoride, magne-
stum fluoride, magnesium oxide, neodymium oxide, and
yttrium oxide.

5. The device of claim 1 in which said film is coated
on a substrate.

6. The device of claim 5 in which the boundary of the
film at which the concentration of metal particles is
highest is against a surface of said substrate, the latter
surface being a metallic reflective surface.

7. The device of claim 6 in which the metal particles
in the film are primarily absorptive of visible wave-
lengths and in which said surface of the substrate is a
reflective surface of a material that is substantially re-
flective in the range of infra-red wavelengths.

8. The device of claim 5 in which said substrate has
the same transparency as said transparent dielectric
material and in which said film is coated on the sub-
strate with the boundary of the film that has the highest
concentration of dielectric material being at the sub-

strate.
» * ¥ x .
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